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% A multifunction meter for use In an aircraft 



® An indicator monitor (114) which perfomns a 
plurality of functions. Both engine exhaust gas tem- 
perature (134) and engine rpm (116) are monitored. 
Based on the engine rpm, it is determined (338) 
whether the engine is in starting or operating con- 
dition. Different parameters and different values are 
used based on this indication. A plurality of different 
functions including parameters indicative of tempera- 
ture in rpm can be monitored by this one meter with 
a single display (172) and which has electronics 
(114) that can be housed in an area (217) smaller 
than the display face (172). 
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A MULTIFUNCTION METER FOR USE IN AN AIRCRAFT 



FIELD OF THE INVENTION 

This invention relates to a multifunction meter 
specially adapted for use in an aircraft. More spe* 
dfically. tfiis meter can display a pluraHty of dif- 
ferent conditions to the user, yet takes up the 
space of only one Instrument in an aircraft instru* 
ment panel. 



BACKGROUND OF THE IfviVENTlON 

The many systems and parameters which must 
be monitored during the flight of an aircraft, require 
an cockpit to be crowded. Some of the most impor- 
tant Indicators are located in the cockpit on the 
Instrument panel located where a pilot can easily 
view the indicators on a continuous base. Each 
instrument typically monitors one information value. 
These many indicators are necessary in order to 
allow monitoring, by a pilot of the various engine 
parameters and the environment of the aircraft 
However, the large number of such indicators ne- 
cessitates a very large instrument panel, making 
the cockpit area confusing and hard to wire. 

U.S. Patent 4,575.803 teaches a microproces* 
sor controlled, single display engine monitor and 
recorder which generates excessive temperature 
alannns, stores the length of time over predeter* 
mined temperatures, and indicates total engine 
hours. U.S. Patent 3.593.012 teaches an engine IHe 
recorder system which generates excessive tern* 
perature alanns. excessive speed alarms, and also 
integrates the speed and temperature signals to 
generate an engine life cycle value. This recorder 
system also displays total engine ainning time. 
However, according to this patent, each of these 
displays requires a separate display face. U.S. Pat- 
ent 3.250.901 also teaches integration of tempera- 
ture and engine rotation speed characteristics. 

However, all of these patents are relatively 
disadvantageous because they only display a rela- 
tively small number of different functions. Further- 
more, since each instrument typically receives only 
a single Input parameter, monitoring of peaks, lim- 
its, and percents of temperature can only be 
roughly estimated. This is because different refer- 
ence levels are applicable for different operating 
conditions of the aircraft engine. For instance, when 
an engine first starts up. it will be nomnal for the 
engine to operate hotter than it will operate during 
normal operation. Therefore, an over-temperature 
alarm should occur at a different level dunng start- 
ing than it shouki occur during operating of the 



engine. Simtlariy. if total time above a danger tem- 
perature is to be recorded, this danger level snoutd 
be changed based on whether the engine is start- 
ing or operating. 

6 According to the present invention, this is ad- 
vantageously effected by monitonng parameters 
related to both rotational speeo and temperature of 
the aircraft engine. The rotational speed can be 
detected to determine if the engine is in start or 

10 operate condition. The temperature can then be 
compared with a threshold that vanes based on 
whether the engine is starting or operating. 

None of the prior art has an indicator with a 
single display that displays values relating to both 

75 temperature and rotational speed of the aircraft 
engine. U.S. Patents 3.250.901 and 3,593.012 do 
monitor both rotational speed and temperature in 
the same indk:ator assmbly. However. '901 only 
displays engine life cyde, and '012 displays dif- 

20 ferent paranneters on different monitors. Since dif- 
ferent monitCMTs are used, extra space on the in- 
dicator array Is necessary. Furthermore, neither of 
these patents teach using the rotaHonaJ speed to 
determine a starting or operation state, and to 

25 choose a reference, based on rotational speed, with 
which temperature will be compared. 

Furthennore. none of these meters enables a 
plurality of functions as complex as those accord- 
ing to this invention, to be monitored using a ^ngle 

30 meter. These plurality of functions as monitored by 
the present Invention include peak temperature, 
lengtti of time over a predetermined temperature, 
excessive temperature, peaks over a temperature 
limit for both engine starting and operation nnodes, 

35 peak speed, length of time over a predetermined 
speed, total engine hours, and engine Ofe cycle. 
Furthemiore. none of these patents enable all the 
associated circuitry to be In a container having a 
cross sectional area smaller than the area of the 

40 display itself. 



SUMiS^ARY OF THE INVENTION 

45 To overcome all of the above discussed prob- 
lems, the present invention defines an Indicator fdr 
an aircraft whk:h has a number of distinct advan- 
tages. According to one aspect of this invention, 
temperature alarm Umita can be set, and peaks can 

so be monitored during conditions of engine starting 
and operation conditions. This ability to determine 
between engine starting and continuous operation 
is detennined by tiie engine rotational speed. 

The indicator according to the present inven- 
tion can monitor peak temperature threshokls; 
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monitor time for overtemperature. monitor exces- 
sive temperature alarms: set temperature limtts and 
monitor peaks for both engine starting and continu- 
ous operating conditions, peak speed monitor: time 
over speed thresholds: monitor total engine hours: 
and monitor engine life cycle. All of these functions 
can be stored and displayed on a single display. 
All of the electronics necessary to the display can 
also be embodied in a very small container. There- 
fore, this multi-function indicator can be mounted 
on the instrument panel on an aircraft cockpit in the 
space typically occupied by a standard display. 

The indicator of the present invention obtains 
many of its advantages due to monitoring functions 
of botii temperature and revolution rate of the en- 
gine. Monitoring revolution rate of the englner en- 
ables a detemnination of whether the enginge is in 
starting or operating mode. In starting mode, it is 
likely that the temperature of the engine will be 
higher than it will in operating mode. Therefore, 
based on the decision of whether the engine Is In 
starting mode or operating mode, different tem- 
perature relations are calculated and displayed. 
Other aspects and advantages of the present in- 
vention will be discussed In detail herein. 



BRIEF DESCRIPTION OF THE PRAWINQ 

An exemplary and presently preferred embodi- 
ment of the invention will be described In detail 
with reference to the accompanying drawings, 
wherein: 

FIQURE 1A shows a block diagram of the 
structure used according to the present invention: 

FIGURE IB shows a schematic perspective 
of the indicator of the present invention: 

FIGURE 2 shows a block diagram repre- 
sentation of the liquid crystal display driver struc- 
ture: 

RGURES 3A through 3F show representa- 
tive display faces of the meter used according to 
the present invention: 

FIGURE 4 shows a flow chart of the main 
loop of the program used acconjing to the present 
invention: 

FIGURES 5A and 5B show a flow chart used 
according to a 1^ millisecond tntenupt that op- 
erates many of the features of the present Inven- 
tion; and 

FIGURES 6A and SB show a branch of the 
intentjpt routine. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENT 

FIGURE lA shows a clock diagram of the 
5 structure used according to the present invention to 
obtain the metering function. A connector llO is 
provided to connect aircraft systems 112 to the 
monitoring system 114. Tachometer 116 generate 
pulses related to the revolution rate of the engine. 
10 Tachometer 116 is connected to signal processor 
118, which processes the pulses from tachometer 
116 to generate a signal indicating engine rotational 
speed. An output signal fi'om signal processor iiB 
is selectively coupled to a data bus 120. An ad- 
1$ dress bus 122 is also coupled to signal processor 
118. 

A plurality of external switches 130 are con- 
nected through connector 110 to signal processor 
132. Signal processor 132 is also connected to 

20 both data and address buses 120 and 122. and 
processes the switch inputs so tiiat they can be 
utilized by the Indicator. 

Temperature detector 134 is located in \ho 
aircraft, and detects a temperature of a location 

28 thereof. According to this embodiment the tem- 
perature detector structure 134 detects exhaust gas 
temperature, or EGT, and Includes a thermocouple 
located to detect this temperature. Signal proces- 
sor and compensation circuit 136 receives .ttie In- 

30 put from ttie tiiennnocouple, compensates for the 
junction temperature of tiie themiocouple in known 
and conventional ways, and processes the signal to 
be input onto data bus 120. 

Power converter 138 Is coupled to the source 

35 of aircraft power 140. Power converter 138 pro- 
duces a plurality of different supply voltages for 
use by ttie different stitictures of assembly 114. 

The data and address buses are coupled to 
CPU 150 which coordinates ttie operation of the 

40 entire assembly. CPU 150 is also associated witii 
an EPROM memory 152 which includes the pro- 
gram for operation of CPU 150. Saatch pad mem- 
ory and the like is provided by memory 154. which, 
in tills embodiment, is backed up by battery 156. 

45 Of course, ttiis could also be accomplished using a 
nonvolatile memory. 

The output signals from assembly 1 14 are pro- 
vided tiirough connector 160. A digital-to-analog 
converter 162 produces an analog output signal 

50 164. appropriately selected by programming CPU 
1 50, which is adapted to be coupled to an extemal 
device. Some possible uses of this analog output 
include driving an additional meter, driving a warn- 
ing light or providing temperature and'or engine 

55 speed data to other equipment 

Output driver 166 is also provided, which pro- 
duces an output signal 168. This output signal can 
also be used to drive a warning devk:e. such as 
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bail relay 169 or to connect to an aircraft system 
alamn. 

LCD c/river 170 drives If quid crystal display 
172. Tliis relatively simple structure therefore en- 
ables a plurality of values to be monitored and 
displayed as will be further defined herein. 

According to the best mode of the present 
invention, the CPU used Is of the type NSC-800. 
The signal pnacessors 118. 132, and 136 include 
structures such as A to D converters, operational 
amplifiers. latches and tri-state buffers. Those of 
ordinary skill in the art would certainly understand 
how to embody the different blocks of this diagram 
based on the infonmation herein. 

The detailed structure of LCD driver 170 is 
shown in RGURE 2. as driving the liquid crystal 
display. This structure uses three integrated drcuit 
chips. 200 . 202 and 204 to drive display 172. 
Display 172 Includes an analog scale and a four 
unit digital display to indicate a value, as well as a 
"warning" indicator that can be selectively lit. In- 
tegrated circuits 200. 202, and 204 are of the type 
S4520A. made, for example, by AMI Company. 

In operation, a plurality of switches In switch 
element 130 are provided. These switches include 
read switch 131, reset switch 133 and caJibration 
step switch 135. Since the display displays a plu- 
rality of different functions, read switch 131 is used 
to cycle between these different functions. 

FIGURES 3A through 3Q show examples of 
different display faces which are generated accord- 
ing to this embodiment by depression of read 
switch 131. FIGURE 3A. for example, shows some 
of the various elements displayed on the face of 
display 172. According to FIGURE 3A. analog tem- 
perature display 210 and digital temperature dla- 
play 212 both show 930". The warning level indica- 
tor 214 is set at approximately this level. Warning 
level indicator 214 is shown with the temperature 
approaching the warning level, so that warning in- 
dicator 2181s on. 

As can be seen in FIGURE IB. chassis hous- 
ing 217 is attached to display 172. All of monitoring 
system 114 Is contained within chassis housing 
217, Note that the cross-sectional area of chassis 
housing 217 is smaller than the area of display 172 
so that housing 217 fits entirely behind display 172. 

FIGURE 3B shows the same display at eSO*". 
Again, warning level indication 214 is set but the 
temperature is well below this level so that waming 
indicator 216 is not on. 

FIGURES 3C and 3D show one of the monitor 
modes of this display. While the display will typi- 
cally be in the modes shown In FIGURES 3A and 
3B-that is, the temperature indicator mode-, this 
nonnnal mode can be exited and monitor mode 
entered by pressing read switch 131. Once in 
monitor mode, stepping between different param- 



eter displays is possible by repeatedly pressing 
read switch 131. The display alternates, within any 
parameter display mode, from the parameter mne- 
monic to the parameter, to alternately indicate 

5 which monitor mode is bemg moicatec. and the 
value of the Indicated parameter. 

FIGURE 3C shows start temperature peak 
mode which has a mnemonic of SP=». The start 
tem|3erature peak value, shown in RGURE 3D is 

fO 940". 

Operating temperature peak or OP.P« is 
shown in RGURE 3E, with the value of 850 • shown 
in RGURE 3F. Other possible information values 
displayed according to this embodiment are: 
75 Time above a certain temperature threshold. 
Engine speed peak (ES.P«). 
Time above 101% of the red line rpm of the engine 
(101 «). 

Engine operating hours with rpm greater than 48% 

20 of red line rpm (OP.H « ). 
Engine cycles (LCFs). 

This plurality of advantageous operations is 
available because of the single monitor structure 
monitoring functions of both temperature and rpnu 

25 By monitoring rpm. a determination can be made 
as to an operating state of the engine -whether the 
engine is starting or operating. By assuming that 
rpm below a certain value includes a starting con- 
dition of the engine, the conditions necessary to 

so establish a waming condition are changed, based 
on whether the engine is starting or in normal 
operating mode. According to a prefenred embodi- 
ment of the present invention, the engine Is consid- 
ered to be in a starting mode when engine rpm is 

35 less than 4d% of the red line. A temperature rela- 
tion can be more .advantageously calculated in this 
way. For instance, a 888* centigrade waming 
threshold is established during the starting opera- 
tion. When rpm is greater than or equal to 48% of 

40 red line, the waming temperature threshold is set at 
827** centigrade. An activated segment on analog 
temperature display 210 will blink when the tem- 
perature is exceeded. 

The structure according to the present inven- 

45 Hon operates according to flow charts shown in 
FIGURES 4 thorough 6B. The main operating loop 
of this flow chart is shown in FIGURE 4. and will be 
discussed in detail herewith. 

Upon detecting a power on condition at step 

50 300. the system initializes and self tests at step 
302. The main loop begins at point 304. Inittally, a 
"vector" is set to have a value of N at step 300. 
This vector will be discussed herein, and is used to 
determine the mode of operation of the system: By 

56 setting this vector valise equal to N, a normal mode 
is established. The vector can also assume values 
of S and C. with S indicating a show mode, and C 
indicating a calibrate mode. 
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At Step 308. a frequency obtained from tacho- 
meter 116 and signal processor 118, is converted 
into a percentage rpm. This percentage rpm repre- 
sents a percent of the red line value that the 
tachometer is* currently reading. As has been dis- 
cussed above, this percent rpm is used for many 
functions, including to determine whether the en- 
gine is in starting or running nnods. 

At step 310. the LCF counts are calculated. 
LCF refers to a parameter Imown in the art as low 
cycle fatigue. When an aircraft engine goes 
through cycles of fast and slow rpm, a certain 
amount of fatigue will be caused to this engine. 
Based on parameters known to those of ordinary 
sidii in the art, a weighting is placed on engine 
excursions. This weight is proportional to. an 
amount of stress caused to the engine by these 
excursions through the cycling in rpm. These ex- 
cursions are detennined by storing a speed history 
including at least maximum and minimum values 
over a certain period of time, in memory 154. At 
step 310. based on this speed history, an LCF 
count is calculated. This LCF count is a weighting 
factor, and according to one particular embodi- 
ments, is calculated according to the following 
chart 



ENGINE CYCLES RPM EXCDRSIONS 
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At step 312. the appropriate display warning 
segment 214 is activated. This display warning 
segment 214 indicates a warning position, above 
which the exhaust gas temperature will indicate a 
fault occun'ence. This wanning segment will be set 
at different temperature levels depending on wheth- 
er the engine is operating or starting. As discussed 
at)ove. the warning temperature in this embodiment 
will be set at 888'*C during starting, and 827°C 
during running. 

At step 314, the temperature is measured, and 
output as an analog signal on signal line 164 at 
step 316. Temperature and rpm peaks, are 
checked for at step 318. Step 318 may aisp include 
the step of storing minimum and maximum peaks 
for use with the LCF cateulation of step 310. At 
step 320. the displays are updated. As discussed 
above with respect to FIGURES 3A and 3B. a 
digital display 212 of the temperature is provided in 
normal mode. Anatog display 210 is also nomially 
displayed. The digital temperature display 212 and 
analog temperature display 210 are both updated 



dunng step 320. After step 320. the control flow 
returns to point 304. to reenter the main k)Op. 

As can be appreciated from the above, not all 
functions of the meter are performed in this main 
5 loop. RGURE 5A shows one of the operational 
interrupts according to this embodiment. According 
to this embodiment, this intenrupt occurs every 1.2 
milliseconds. This t.2 millisecond intemjpt routine 
begins at step 330. A decision block occurs at step 

10 332. which determines if any exceedance has been 
recorded since the previous interrupt. These ex- 
ceedances include, for Instance, starting limits for 
temperature, operating limits for temperature, and 
operating speed above a certain limit. According to 

15 this embodiment, starting limits which cause an 
exceedance are a) temperature greater than 832" 
for 55 seconds, b) temperature greater than 838" 
for 40 seconds, c) temperature greater than 871* 
for 7 seconds, and d) temperature greater than 

30 888* for 3 seconds. Operating limits include a) 
temperature greater than 766** for 60 seconds, b) 
temperature greater than 788* for 18 seconds, c) 
temperature greater than 616* for 6 seconds, or d) 
temperature greater than 827^ for 3 seconds. The 

2S operating speed limit occurs when the rpm Is 
greater than 103%. 

If any exceedance is recorded, an electromag- 
netic ball relay is turned on at step 334. The ball 
relay Is used to show that an exceedance has 

30 occurred, and Is a magnetic device which, once 
switched, will remain in its previous state until 
reset Accordingly, by turning on the bail relay, an 
indication that an exceedance has occuned will be 
provided and maintained until tiie ball relay is 

3S turned off. Accordingly, without consuming any ad- 
ditional power, the exceedance will still be indi- 
cated. 

At step 336. the tachometer frequency is mea- 
sured. This is measured by counting the time of 

40 one cycle of the tachometer and using tiiis time as 
representative of the tachometer frequency. It is 
necessary to count tills tachometer frequency with- 
in the 1.2 milliseconds of tiie interrupt so ttiat 
tachometer frequency can be obtained before an- 

45 Other intenupt stops tiiis counting. 

At step 336. a decision is made whether the 
frequency is greater than the run or operating level. 
If ttie frequency is greater than the run level, the 
run flag is set at step 340. so ttiat ttie remainder of 

50 the apparatus will detennine that the aircraft is in 
an operation mode. If tiie frequency is not greater 
than ttie run level, a starting mode is recognized, 
and tile njn flag is reset at step 342. 

The display is updated at step 344. All of tiie 

S5 information to be displayed on the indicator is 
stored in a register ttiat is included within memory 
154. The contents of ttils register updates ttie dis- 
play at step 344. so that the display is brought 
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current every ^J2 milliseconds. At step 346, the 
position of switches 130 are read. At steo 348. the 
vector V is read from memory. Bow then passes to 
FIGURE 5B. 

The Rrst three steps in FIGURE SB determine 
the value of vector V. A comparison of vector V 
with the value IM Is made at step 350. A compari- 
son wtth value S is made at step 352. Finally, a 
comparison with value C is made at step 354. 
Based on the results of this comparison flow selec- 
tively passes to different locations. This flow will be 
discussed later her«n. If the results of all of steps 
350. 352. and 354 are no -that is that the vector is 
neither N, S nor C. flow exits the Intenupt 

The different flow paths resulting from a posi- 
tive Indication at the steps 350. 3S2 and 354 will 
now be discussed. 

If the vector V Is equal to N, this indicates that 
the meter is in normal mode. In normal mode, step 
362 updates the overtemperature occunrenoes. At 
step 364, a test is made to determine if another 
overtemperature occunrence Is cun^entty In 
progress. If yes. warning segment 215 (see RG- 
URE 3A) is flashed at step 366 to Indicate that a 
cunrent exceedance of temperature limits exists. If 
there are no current exceedances at step 64, how- 
ever, any warning which may be on the display is 
cleared at step 368. 

At step 370. a test is made to determine if any 
switches have been depressed. A negative re- 
sponse to the test of step 370 causes an exit from 
the Intenrupt routine at step 371. If any switch has 
been pressed at step 370. a further test is made at 
step 372 to determine if the switch 135 pushed Is 
calibration switch 135. If calibration 135 switch has 
been depressed at step 372, the vector is set to 
the value C. arKl a mode value is set to 1 at step 
374. This mode value represents the first of the 
various limits the indicator can monitor. At step 
378, the calibration value Is displayed until another 
intenrupt occurs. 

If calibration switch 135 has not been de- 
pressed at step 372. the vector is set to the value 
S. with the mode again set to value 1 indicating the 
first of the various Omits has been selected. At this 
time, control also passes to RGURE 6B which will 
be described later herein. 

If the vector is determined not to be N at step 
350. a test is made at step 352 to detenmine if ttie 
vector is S. If the vector is S. control passes to 
location 6A shown In FIGURE 6A. 

In RGURE 6A, at step 400. the frequency is 
converted to a percentage rpm. At step 402, the 
LCF counts are calculated, and at step 404, the 
temperature is measured. The times above pre- 
determined limits are caiculated at step 406. If any 
current exceedances are detected at step 408. 
control returns to location 4 in the main loop of 



RGURE 4. However, if there are no cunrent ex- 
ceedances detected at step 408. step 410 oeter- 
mines whether any new switch has oeen pressed. 
If not. an exit from the subroutine .s executed at 

s step 412, However, if a new switch has been 
pressed at step 410; it is determined at step 414 
whether this is reaa switch 131. and at step 416 
whether this is the reset switch 133. If neither of 
the read nor reset switches have been deoressed. 

10 a return from the interrupt is executeo at step 418. 

If read switch 131 has been determined to be 
the switch pressed, the first test made is ivhether 
the device is in the last mode at step 420. This last 
mode indicates the last of the various limits has 

15 been displayed. According to this embodiment, 
there are 15 separate display modes. After cycling 
through these 15 display modes, the last mode is 
detected. If a last mode determination is made, 
instead of Incrementing to the next mode, the me- 

20 ter will return to normal mode upon the next read 
switch initiation. Accordingly, flow will then pass to 
location 4 in FIGURE 4 of the main loop. If last 
mode Is not determined at step 420. an increment 
to next mode is carried out at step 422. After step 

25 422. control passes to point 66 In FIGURE 6B. 

In step 424 of RGURE 6B. the mode time is 
initialized to monitor the length of time that a par- 
ticular mode is displayed. After a certain amount of 
time, the display will retum to the normal mode. 

30 According to this embodiment, the mode time is 
12.8 seconds. After tfus mode time is initialized, 
the mode parameter will be displayed for 1.8 sec- 
onds at step 426. The display parameter value is 
subsequently displayed for a subsequent 1.6 sec- 

36 onds at step 428b During this time, interrupts are 
still occurring, so that other operations besides 
displaying a value will continue to occur (such as 
updating display, etc.). 

At Step 430. a ddtenmination whetlner the mode 

40 time is greater than 12.6 seconds Is made. If the 
mode time is greater than 12.8 seconds, control is 
once again returned to the main loop at location 4 
of RGURE 4. However, if mode time is not greater 
than 12.8 seconds, control again passes to step 

45 426 to continue altennately displaying the param- 
eter and the parameter value. 

All of these operations have occurred due to 
read switch 131 having been pressed at step 414. 
However, if read switch 131 is not pressed at step 

60 414, it is detemnlned whether reset switch 133 has 
been pressed at step 416. If so. the value of the 
particular mode is reset at step 432. Control again 
then passes to location 6B in FIGURE 6B so that 
the mode parameter and display parameter can be 

95 altematety displayed for the allowable time of the 
mode. 

Returning to RGURE 58. if the vector is deter- 
mined not to be S at step 352. a further test is 
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made at step 354 to determine if this vector is the 
vector C. If not. the intenrupt is exited, and control 
again passes to the main loop. However, if the 
vector equals C, it is tested at step 356 whether a 
new switch has been pressed. If not. control again 
exits the interrupt at step 380. Whether calibrate 
switch 135 has been depressed is again deter- 
mined at step 358. If not. it is determined whether 
reset switch 133 has been depressed at step 360. 
with a negative result exiting the interrupt at step 
382. If the calibrate switch has been depressed at 
step 358. step 432 makes a determination whether 
the last calibrate mode is currently in progress, if 
yes. control passes to point 4 in RQURE 4 and 
again joins the main loop. However, if the last 
calibrate mode is not detected at step 432, the 
calibrate mode is incremented at step 434. 

If reset switch 133 is determined to have been 
depressed at step 360. the calibration value is 
calculated or stored at step 436. Control then 
passes to step 376 where the calibration value is 
displayed. If reset switch 133 has not been de- 
pressed, the increment calibrate mode has oc- 
curred at step 434, and control thereafter passes to 
step 376 where the calibrate value is displayed. 
This calibration value is continuously displayed un- 
til another intenrupt interrupts the operation. 

It can therefore be seen that, according to the 
present invention, an advantageous function is 
made available by the relatively advanced, yet sim- 
ple in construction, structure of the present inven- 
tion. Because both functions of rpm and tempera- 
ture are obtained by the structure, different tem- 
perature limits for start and operate are possible. 
Furthennnore, both the functions of temperature and 
functions of engine rotaUonaJ speed can be dis- 
played on this single relatively simple display. The 
electronics of the display can be mounted in a 
container having a cross sectional area smaller 
than the size of the display-but yet sixteen func- 
tions can bB performed by this structure according 
to the present invention. Therefore, significant ad- 
vantages would be obtained when using this struc- 
ture in the field of aircraft design. 

Although only a few exemplary embodiments 
of this invention have been described in detail 
above, those skilled in the art will readily appre- 
ciate that many modifications are possible In the 
exemplary embodiments without materially depart* 
ing from the novel teachings and advantages of 
this invention. For example, this structure could be 
used with any type of display, not just a liquid 
crystal, and modifications in the program are possi- 
ble which would not affect the inventive concepts 
thereof. 

Accordingly, all such modifications are intend- 
ed to be included within the scope of this invention 
as defined in the following claims. 



Claims 

1 . An indicator assembly for an aircraft that has 
an engine, comprising: 

9 selecting means for selecting one of a plurality 
of information values to be displayed, said plurality 
of information values including information values 
indicative of: a) temperature of said engine, b) 
revolution rate of said engine, and c) temperature 

10 of said engine as a function of revolution rate of 
said engine; 

processing means, coupled to signals indica- 
tive of a temperature and a revolution rate cf said 
engine, for detemninlng a cunrent value of said one 
rs information value based on at least one of said 
temperature and said revolution rate of said engine, 
and producing a display signal indicative thereof: 
and 

display means for producing a display output 
20 based on said display signal. 

2. An Indicator assembly as in claim 1 wherein 
said processing means is also for 

comparing said revolution rate of said engine 
witii a predetenmined ttireshold to determine an 
25 operating state of said engine, said operating state 
being an operating mode when greater ttian said 
threshold and an starting mode when less tiian said 
threshold. 

determining a temperature reference based on 
30 said temperature of said engine and said operating 
state, and 

computing a temperature relation as a function 
of said temperature of said engine and said tem- 
perature reference and wherein said selecting 
35 means can also select said temperature relation to 
be displayed. 

3. An assembly as in claim 1 wherein said 
processing means is also for 

comparing said revolution rate of said engine 
40 with a predetermined threshold: and 

producing a different display signal for each 
limit said display signal being displayed on said 
display means. 

4. Assembly as in claim 1 wherein a plurality of 
45 different ones of said information values can be 

sequentially displayed, and wherein said selecting 
means sequentially cycles between different ones 
of said plurality of infonnation values. 

5. Assembly as in claim 1 furtiier comprising: 
50 memory means for storing maximum and 

minimum revolution rates witiiin a predetermined 
time period: and 

means for determining a low cycle fatigue 
value using said maximum and minimum revolution 
55 rates. 
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6. Apparatus as in claim 4 wherein one of said 
information values is normally being displayed, and 
said selecting means selects one of said plurality 
of information values other than said one which is 
usually being displayed. 

7. Apparatus as in claim 6 wherein temperature 
is said value usually being displayed. 

8. Apparatus as in claim 6 wherein said In- 
formation values other than said one which is usu- 
ally displayed, Is displayed for a limited time, after 
which said one information value which is usually 
displayed, is again displayed. 

9. Apparatus as in claim 6 wherein said pro- 
cessing means is also for causing a flashing dis- 
play between a title indicative of an information 
value* and a number indicative of a value of said 
information value, when an information value other 
said usually displayed information value is select- 
ed. 

10. Apparatus as In claim 6 further comprising 
a ball relay, coupled to said processing means, lor 
indicating a warning condition. 

11. Apparatus as in clain^ 6 wherein said dis- 
play means includes a warning indication area 
thereon said warning Indication driven by said pro- 
cessing means. 

12. Apparatus as in claim 9 further comprising 
a plurality of buffers for recei^^ng Input signals to 
be coupled to said processing means. 

13. Apparatus as in claim 12 further compris- 
ing: 

means for obtaining a measurement of a 
temperature of said engine and producing a tem- 
perature output indicative thereof; and 

means for obtaining a measurement of a 
revolution rate of said engine and producing a 
revolution output indicative thereof. 

14. Apparatus as in claim 6 wherein said dis- 
play means is a simple display.input signals to be 
coupled to said processing means. 

15. Apparatus as in claim 6 further comprising 
a chassis in which said processing means and s^d 
selecting means are mounted, said chassis being 
of a cross sectional area« smaller than an area size 
of said display means. 

16. An indicator assembly for an aircraft with 
an engine, comprising: 

processing means for. 

a) receiving signals indicative of a tempera- 
ture and a revolution rate of said engine. 

b) comparing said revolution rate with a pre- 
determined threshold of revolution rate to deter- 
mine an operating state of said engine, said opera^ 
ing state toeing an operating mode when greater 
tfian said threshold, and a starting mode when less 
than said threshold. 

c) determining a temperature reference 
based on said operating state, and 



d) computing a temperature relation as a 
function of said temoerature reference and said 
temperature of said engine; and 

means for disolaying said temperature relation. 
5 17. An assemofy as sn claim 16. further com- 
prising mode selecting means for selecting one of 
a plurality of an information values, to oe displayed. 

18. Apparatus as in claim 17 therein one in- 
fonnation value is usually displayed, and other in- 

10 fonDation values, including said temperature rela- 
tion, are selected by an operation of said mode 
selecting means. 

19. Apparatus as in claim 18 satd usually dis- 
played information value is temperature. 

15 20. Apparatus as in claim 18 wherein there are 
a plurality of information values.* and said mode 
setting means switches between said plurality of 
information values by choosing a next information 
value In a serial order. 

20 21 . Apparatus as in dalm 18 further comprising 
a chassis housing said processing means, wherein 
said chassis has a cross-sectional area of a smaller 
than an area of said displaying means. 

22. An indicator assembly for an aircraft en- 
25 glne. comprising: 

a display; 

means for selecting a particular fnfbrmation 
value to be displayed from a plurality of Information 
. values, said plurality of information values including 
30 values indicative of: a) temperature, b) revolution 
rate and c} functions of temperature as compared 
with a rel^nce that Is based on revolution rate: 
and 

processing means for: 
35 a) receiving signals indicative of temperature 

and revolution rate of said engine. 

b) nonnally displaying a temperature of said 
engine on said display. 

c) detecting a selection by said selecting 
40 means; 

d) obtaining a value indicative of said par- 
ticular Information value, only for a predetermined 
time after said c) detecting a selecting function, 
and 

46 e) displaying said value only while it is being 

obtained, said displaying being on a same display 
area that said temperature is normally displayed 
on. 

23. Apparatus as In claim 22 wherein said 
50 processing means is also for f) flashing between a 

label indicative of said infonnation to be displayed, 
and a value of said infomnation to be displayed. 

24. Apparatus as In claim 22 wherein said 
display Is a simple display. 

55 
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25. Apparatus as in clajm 22 further comprising 
a chassis for mounting said selecting means and 
said processing means, said chassis having a 
cross-sectional area smaller than an area of said 
display. 

26. An indication assembly for an aircraft en- 
gine, comprising: 

a display; 

means for selecting a particular mfcrn:iatlon 
value to be displayed on said display from a plural- 
ity of information values, said plurality of infdrma- 
tion values including: 

a) a condition during starting mode where 
temperature is greater than a first threshold . b) a 
condition during operation mode where tempera- 
ture is a greater than a second threshold, c) revolu- 
tion rate greater than a danger revolution rate times 
a proportionality constant d) peal< temperature val- 
ue during start mode, e) time above certain tem- 
perature during start operation, f) paai( temperature 
during operating mode g) time above certain tem- 
perature during operating mode, h) engine speed 
peai<. i) time above a red line value of revolution 
rate times a proportionality constant, i) engine op- 
erating hours in opra^ating mode, and Ic) engine 
cycles; 

processing means for 

a) receiving signals indicative of temperature 
and revolution rate of said engine: 

b) normally displaying a temperature of said 
engine; 

c) detecting a selection on by said selecting 
means: 

d) incrementing a pointer each time a select- 
ing by said selecting means is detected, said point- 
er indicative of which of said plurality of Information 
values is selected; 

e) obtaining a value indicated by a value of 
said pointer, said obtaining occumng only for a 
predetermined time period after said detecting a 
selecting function; 

f) displaying on said display said infomnation 
value indicated by said pointer, alternately with a 
label indicative of said information value, flashing 
between said label and said value occuning at 
predetemnined inten^als. said displaying occurring 
only during sard predetermined time period after 
said detecting a selection function; and 

g) returning to said display of a temperature 
of said engine and resetting said pointer after said 
predetermined time period elapses, unless another 
selection is detected: and 

a chassis attached to said display and housing 
said selecting means and said processing means, 
said chassis having a cross sectional area of a size 
smaller than an area of said display. 



27. A method for indicating a plurality of in- 
formation values on a display in an aircraft that has 
a engine, comprising the steps of: 

selecting one of a plurality of information 
5 values to be displayed, said plurality of information 
values including information values indicative of: a) 
temperature of said engine, b) revolution rate of 
said engine, and c) temperature of sai'd engine as a 
function of revolution rats of said engine: 
10 receiving signals indicative of a temperature 

and a revolution rate of said engine; 

determining a current value of said one 
information value based on at least one of tempera- 
ture and revolution rate of said engine: 
75 producing a display signal indicative thereof: 

and 

displaying a display output based on said 
display signal. 

28. A method as In claim 27 comprising the 
20 further steps ot 

comparing said revolution rate of said engine 
with a predetermined threshold, to determine an 
operating state of said engine as being in an op- 
erating mode when greater than said threshold and 
26 in a starting mode when less than said threshold. 

determining a temperature reference based on 
said operating stats, and 

computing a temperature relation as a function 
of said temperature of said engine and said tem- 
30 perature reference. 

29. A method as in claim 27 comprising the 
further steps of: 

comparing said revolutlcn rate of said engine 
with a predetermined threshold; and 
35 producing a different display signal for each 

limit, said output being displayed on said display 
means. 

30. A method as in claim 27 comprising the 
further steps of sequentially displaying different 

40 ones of said infomnation values, and sequentially 
cycling between different ones of said plurality of 
infomiation values for each selecting. 

31. A method as in claim 27 comprising the 
furiiher steps of; 

45 storing maximum and minimum revolution 

rates within a predetermined time period; and 

determining a low cycle fatigue value based on 
said maximum and minimum values. 

32. A method as in claim 30 wherein one of 
50 said information values is normally being dis- 
played, comprising the further steps of selecting 
one of said plurality of information values other 
than said one which is usually being displayed. 

33. A method as in claim 32 wherein tempera- 
55 ture is the value usually being displayed. 
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34. A method as in claim 33 wherein said 
information values other than said one which is 
usually displayed, are only displayed for a limited 
time, after which said one. information value which 

Is usually displayed, is again displayed. 5 

35. A method as in claim 30 comprising the 
further step of causing a flashing display between a 
title indicative of an Information value, and a num- 
ber Indicative of a value of said information value, 
when an information value other said usually die- io 
played information value is selected. 

38. A method as in claim 30 ftirther comprising 
the step of calibrating said m&mr, 

37. A method for indicating information values 

on witii an engine, comprising the steps of: is 

receiving signals indicative of a temperature 
and a revolution rate of said engine: 

comparing said revolution rate witti a predeter- 
mined tiireshold of revolution rata to determine an 
operating state of said engine as being. In an op- zo 
erating mode when greater than said tiireshold. and 
in a starting mode when less than said tiireshold; 

detenmining a temperature reference based on 
said operating state; 

computing a temperature relation as a function 25 
of said temperature refsrence and said temperature 
of said engine; and 

displaying said temperature relation. 

38. A metiiod as In claim 37 comprising the 
furttiar steps of selecting an Information value from 30 
a plurality of Information values, to be displayed. 

39. A mettiod as in claim 38 wherein one 
infbrmation value Is usually displayed, and otiier 
infomnation values are selected in said selecting 
step. ^ 

40. A method as In claim 40 wherein said 
usually displayed infonnation value is temperature. 

41. An metiiod of indicating information in an 
aircraft engine, comprising tiie steps of: 

selecting a particular information value to be 4o 
displayed from a plurality of infomtation values, 
said plurality of information values including values 
indicative of: a) temperature, b) revolution rate and 
c) functions of temperature as compared with a 
reference that is based on revolution rate; 'ts 

receiving signals indicative of temperature and 
revolution rate of said engine; 

nomnally displaying a temperature of said 

engine: 

detecting a selecting in said selecting step; so 
obtaining a value indicative of said particular 
infonmation value, only for a predetermined time 
after said detecting a selection step; and 

displaying said value only while it is being 
obtained, said displaying being on a same display ss 
area tfiat said temperature is normally displayed 
on. 
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